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Abstract
Despite comprising 35% of transplants, the number 
of female transplant recipients has continued to 
decline. Accordingly, there is a growing attention 
to the issue of access to and outcomes of liver 
transplantation in women. The purpose of this review 
is to critically evaluate the published literature on 
etiologies contributing to gender-based disparities 
in liver transplantation focusing on the steps from 

chronic liver disease through transplantation including 
disparities in liver disease prevalence, access to liver 
transplant centers and transplant waiting list, receipt 
of liver transplantation once listed and disparities in 
post-liver transplantation outcomes. Our review finds 
factors contributing to this disparity may include gender 
differences in the etiology of underlying liver disease 
and patient and physician referral patterns, lifestyle and 
health care, but also utilization of an imperfect organ 
allocation system based on the model for end stage liver 
disease score and donor-recipient liver size matching. 
The review also highlights the need for further research 
in the area of gender disparity in order to develop 
appropriate approaches to address it and to improve 
allocation of this precious resource in the future.
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Core tip: Liver transplantation is a life-saving procedure 
for many patients with end stage liver disease therefore 
it is of utmost importance to ensure equity in its 
distribution. Recently, growing attention has been 
placed on the issue of gender disparity in access to and 
receipt of a liver transplant. Factors contributing to this 
disparity include important differences in the etiology 
of underlying liver disease and indications for liver 
transplant that differ by gender. Systematic bias against 
women also appears to exist in many of the crucial 
steps of organ allocation. Better understanding of those 
mechanisms and their solutions are needed to improve 
liver transplantation rates in women.
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INTRODUCTION
Chronic liver disease is the 12th leading cause of death 
in the United States with steadily increasing prevalence 
rates[1,2]. Notwithstanding medical therapies targeted 
to treat complications of end-stage liver disease, liver 
transplantation (LT) is the only life-saving procedure 
and is the treatment of choice for selected patients. 
In spite of the many improvements in liver organ 
allocation following the adoption of the model for end-
stage liver disease (MELD) score in 2002, thousands of 
patients die awaiting liver transplantation every year 
as the supply of organs remains overwhelmed by the 
more than 17000 individuals on the waiting list. This 
burden is disproportionally exemplified in women, who 
comprised 35% of transplant recipients in 2013[3]. 
The proportion of female liver transplant recipients 
has continued to decline since the adoption of MELD 
in 2002. Data suggest that this proportion of women 
is also less likely to undergo liver transplantation 
once listed and have a greater probability of dying or 
becoming too sick to undergo liver transplantation 
compared to men[4]. Accordingly, there has been a 
fervid interest to identify the mechanisms behind 
gender discrepancies in disease burden and the process 
of liver transplantation (Table 1)[4-15]. The present review 
aims to evaluate the published literature on gender - 
based disparities in liver transplantation focusing on 
those areas of greatest significance to equity in LT, 
including the prevalence of chronic liver disease, access 
to LT, receipt of a liver transplant once listed and post-
liver transplantation outcomes. 

PREVALENCE OF CHRONIC LIVER 
DISEASE IN WOMEN
It is well established that etiologies of liver disease 
differ by gender. To determine an accurate epide
miology of chronic liver disease by gender in the 
United States has proven difficult however due to the 
lack of a national data collection system. Nonetheless, 
one can estimate prevalence rates by gender for 
individual diseases known to cause chronic liver 
disease. For example, women are 10 times more likely 
to have primary biliary cirrhosis than men and four 
times as likely to have autoimmune hepatitis[16,17]. 

Women are also more likely to present with alcohol 
and drug induced hepatotoxicity and acute liver failure 
as compared to men[18-20]. On the contrary, a National 
Health and Nutrition Examination Survey (NHANES) 
conducted between 2003 and 2010 found men to 
be significantly more likely to be chronically infected 
with hepatitis C virus than women[21]. Furthermore, 
gender also likely plays a role in disease progression 
for certain etiologies of chronic liver disease. Cross 
sectional studies have identified male sex as a risk 
factor for disease progression to cirrhosis by over 2.5 
fold in patients with chronic hepatitis C[22]. Population 

prevalence of nonalcoholic fatty liver disease (NAFLD) 
and nonalcoholic steatohepatitis (NASH) has been dif
ficult to accurately establish[23]. Although the majority 
of studies based on the most recent NHANES data 
report NAFLD to be more prevalent in men than 
women, rates may vary depending on the diagnostic 
and staging tools utilized. Using data from the NASH 
Clinical Research Network (CRN), Younossi et al[2], 
reported that patients with biopsy proven NASH were 
more likely to be female than male while those using 
liver enzyme data or ultrasound to diagnose NAFLD 
report higher prevalence in men. Given the aging 
population, the increasing proportion of patients with 
NASH cirrhosis requiring LT, and the real possibility 
of curing most patients with chronic hepatitis C virus 
(HCV) liver disease, one would expect to see an 
increased demand for LT for women. The changing 
epidemiology of chronic liver disease along with the 
fact that disease severity may not be as accurately 
reflected in the MELD score for those diseases affecting 
primarily women makes the issue gender disparity in 
LT of growing concern.

GENDER DIFFERENCES IN CHRONIC 
LIVER DISEASE
The dominant mechanisms behind gender differences 
in the prevalence, natural history and outcomes of 
chronic liver disease (CLD) remains incompletely 
understood. Lifestyle choices regarding alcohol and 
intravenous drug use, as well as access to and use 
of medical care differ between men and women and 
may underlie some of the gender-based difference 
in CLD. Data from the National Epidemiologic Survey 
on Alcohol and Related Conditions (NESARC) showed 
that the prevalence of alcohol abuse and alcohol 
dependence is 2-3 times higher in men vs women[24]. 

However, while men consume and misuse alcohol at 
significantly higher rates, women experience shorter 
time intervals between the onset of alcohol use and 
alcohol related complications[25]. Hence it is postulated 
that the gender discrepancies in the prevalence, 
disease progression and outcomes of chronic liver 
disease may not all lie in behavior, but be largely 
influenced by the biological differences. For example, 
total body water, levels of alcohol dehydrogenase 
and slower rates of alcohol metabolism all contribute 
to the increased susceptibility of women to the toxic 
effects of alcohol[26,27]. In addition, differences in 
estrogen receptor concentrations, which in animal 
models is increased in male livers exposed to alcohol 
and unchanged in female alcoholic livers, may protect 
males from the alcohol induced liver disease seen 
in females[28]. On the contrary, female gender may 
play a beneficial role in viral hepatitis as studies have 
shown that estrogen can prevent stellate cell activation 
which is responsible for liver fibrogenesis[29]. The fall 
of estrogen is accompanied by a rapid increase in pro-
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inflammatory and anti-inflammatory cytokines[30]. 
Accordingly, the antifibrogenic role of estrogen may 
contribute to the discontinuous fibrosis progression 
in women compared to men with HCV as well as to 
why disease progression is significantly increased after 
menopause[31-33]. While the prevalence of NAFLD is 
higher in men than women of reproductive age, the 
protective effect of estrogen in NAFLD is eliminated 
after menopause[34]. Furthermore, after menopause, 
women have an increased risk of insulin resistance, 
hyperlipidemia and visceral fat, all of which are known 
risk factors for worsening NAFLD severity and could 
contribute to increased prevalence of NAFLD cirrhosis 
in women over time[35]. 

LIVER TRANSPLANT RATES: CHANGING 
PREVALENCE OF CLD
Chronic HCV and alcoholic liver disease together 
encompass the most common causes of cirrhosis, 
accounting for approximately one half of patients 
currently on the LT waitlist (Figure 1)[3]. NHANES data 
collected between 1988 and 2008 found that while 
the prevalence of alcoholic liver disease and HCV has 
remained stable over the past decade, the prevalence 

of NAFLD has steadily increased, reflecting the obesity 
epidemic[2]. Moreover, with continued strides in HCV 
treatment possibly leading to a subsequent decrease 
in liver transplantation rates for HCV cirrhosis and 
hepatocellular carcinoma (HCC), end stage liver disea
se secondary to NAFLD may change the spectrum of 
patients requiring liver transplantation. Moreover, as 
the prevalence of NAFLD is similar in post-menopausal 
women and men, women may have an increased repre
sentation on the LT waiting list in the United States in 
the near future.

LIVER TRANSPLANT REFERRAL
Gaining access to a life-saving liver transplant is a 
complicated and daunting prospect. Despite being 
chronically ill and even debilitated, patients must 
successfully navigate several challenging steps including 
first seeking medical care, referral to a hepatologist/
gastroenterologist, referral to a transplant center for 
evaluation, placement on the liver transplant waitlist 
and finally receipt of liver transplantation. While 
women comprise just over 35% of candidates on 
the LT waitlist (Figure 2), challenges in establishing 
an accurate epidemiology of chronic liver disease by 
gender makes it unclear if this percentage reflects 
variations of disease burden in women or gender 
differences amongst those seeking and receiving 
healthcare. It is thus unclear how or if female gender 
plays a role in the first step of liver transplantation: 
referral to a transplant center. 

In the field of kidney transplantation, multiple 
studies have found that female sex is associated 
with a lower likelihood of inclusion on the transplant 
waiting list and suggest that gender disparity is 
not due to fewer women seeking health care or 
transplantation[36-38]. Thamer et al[39], in a national 
survey of nephrologists, found that men were more 
likely to be recommended for kidney transplant. 

Kucirka et al[40] found that women were more likely to 
be reported as unsuitable for kidney transplantation 
because of age or being medically unfit compared to 
their male counterparts. Unfortunately, information 
regarding LT referral patterns are limited. In one 
study from Pennsylvania, Bryce and colleagues 
found that with the exception of acute liver failure, 
the probability of being evaluated and listed for liver 
transplant was consistently lower for women[5]. The 
study was limited in that it did not assess individuals 
that may have been referred to a transplant center 
but never evaluated. Referral practice patterns are 
difficult to accurately assess in general and those 
of community physicians to liver transplant centers 
represent an even more troublesome and poorly 
studied area. Given the probable influence of physician 
variability in preferences and attitudes towards patient 
referral, screening and eligibility for LT, comprehensive 
evaluation of referral patterns are urgently needed to 

462 March 27, 2015|Volume 7|Issue 3|WJH|www.wjgnet.com

Table 1  Characteristics of studies assessing the impact of 
gender on liver transplantation  n (%)

  Topic Ref. Number of
female 
patients

(%)

Data 
collection

  Access to LT 
  Center

Bryce et al[5] 66622 (46%) Transplant 
Centers in 

Pennsylvania/
UNOS

  Access to 
  waiting list 
  and LT

Moylan et al[4] 16262 (36%) UNOS 
Database

Volk et al[6] 19518 (39%) SRTR
Mathur et al[7] 28759 (36%) SRTR

  Renal 
  function and 
  MELD

Cholangitas et al[8] 140 (38%) Royal Free 
Hospital

Huo et al[9] 103 (22%) Taipei Veterans 
General 
Hospital

Lim et al[10]

Mindikoglu et al[11] 379 (45%) Mayo Clinic
14530 (36%) UNOS 

Database
Myers et al[12] 14541 (36%) UNOS 

Database
  Donor 
  recipient size 
  mismatch

Lai et al[13] 12585 (36%) UNOS 
Database

Mindikoglu et al[14] 10741 (37%) OPTN 
  Post LT 
  outcome 
  graft/patient 
  survival

Duffy et al[15]  169 (58%) Single Center 
UCLA

UNOS: United network for organ sharing; SRTR: Scientific registry 
transplant recipients; LT: Liver transplantation; MELD: Model for end-stage 
liver disease; OPTN: Organ Procurement and Transplantation Network; 
UCLA: University of California, Los Angeles.
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women receiving less liver transplants than men. 

RENAL FUNCTION AND MELD
Creatinine is a breakdown product of creatine 
phosphate during muscle metabolism and is influenced 
by age, total muscle mass and laboratory variation[42]. 
As a small and freely filtered solute, creatinine is the 
most widely used marker in estimating glomerular 
filtration rate (GFR) and underlying renal function. Men 
tend to have higher levels of measured serum creatinine 
as they have a greater mass of skeletal muscle 
compared to women[42]. In end stage liver disease, 
decreased hepatic creatinine synthesis, increased 
tubular creatinine secretion and decreased skeletal 
mass contribute to falsely low serum creatinine even 
in the presence of renal impairment[43]. Although not 
validated in patients with liver disease, the Modification 
of Diet in Renal Disease (MDRD) formula, which 
estimates GFR using four variables (creatinine, age, 
ethnicity and gender), is superior to other formulas[44]. 
Using the MDRD formula, the estimated GFR in women 
is lower compared to men with the same serum 
creatinine, age and race. Therefore although serum 
creatinine does not reflect underlying renal function in 
women, this difference is not taken into account when 
calculating the MELD score, which is based on serum 
creatinine and not GFR. 

Several studies have investigated the use of 
creatinine in the MELD score and whether it may 
result in a systematic bias against women. When 
comparing creatinine, estimated GFR, and respective 
MELD scores in men and women with end stage liver 
disease, Cholangitas et al[8] found that a 2-3 point 
correction was needed for women with MELD scores 
> 19 in order to make them comparable with men 
and accurately assess renal function and hence overall 
disease severity. Similarly, Myers and colleagues found 
that women with end stage liver disease were less 
likely to undergo LT and had a greater three month 
mortality than men despite having lower creatinine but 
worse renal dysfunction based on estimated GFR[12]. 

inform policies aimed at improving access to transplant 
centers for women.

LIVER TRANSPLANT RATES AND 
WAITLIST MORTALITY: INFLUENCE OF 
MELD
The current deceased donor liver transplantation 
(DDLT) organ allocation system in the United States 
is based on disease severity as measured by the 
MELD score as well as geographic proximity to 
available organs. Introduction and use of the MELD 
score in 2002 reflects the Institute of Medicine’s 
recommendation for an objective system to assess 
disease severity with less subjective criteria and 
less emphasis on waiting list time[41]. Prior to 2002, 
patients with end-stage liver disease awaiting DDLT 
were stratified based on subjective assessments of 
disease severity as well as their hospital status and 
accumulated time on the waiting list. While the major 
goal of the MELD score was to ensure liver allografts 
went to the sickest patients first, another goal was to 
eliminate possible systematic biases such as referral 
patterns as well as gender and racial disparities in 
organ allocation. Using a large national database of 
liver transplantation from the Organ Procurement 
and Transplantation Network (OPTN), Moylan et al[4] 
noted an increased gender disparity in LT after the 
implementation of MELD. This study found that women 
were more likely than men to die while waiting for LT 
or to become too sick for LT in the post-MELD era. In 
addition, women were also less likely to receive a liver 
transplant within 3 years of listing in the pre-MELD and 
post-MELD group. Mechanisms behind this disparity 
were not able to be determined from that investigation 
but it was speculated that the use of creatinine as a 
marker of renal function, donor recipient size mismatch 
and geographic disparities could all contribute to 
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Figure 1  Primary cause of liver disease by gender, adult LT wait list 
candidates (2014). Based on Organ Procurement and Transplantation 
Network data as of July 1, 2014. Numbers of LT on the x-axis and etiologies 
of liver disease on the y-axis. PBC: Primary biliary cirrhosis; PSC: Primary 
sclerosing cholangitis; AIH: Autoimmune hepatitis; HBV: Hepatitis B virus; HCC: 
Hepatocellular carcinoma; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty 
liver disease.
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Figure 2  Adult Liver Transplantation Waiting List Candidates (2014). 
Based on Organ Procurement and Transplantation Network data as of 
November 28, 2014.
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In order to determine whether the use of creatinine 
was the source of a systematic bias against women, 
the investigators of this study revised the MELD score 
to include estimated GFR. Interestingly, this did not 
improve the difference in 3-mo mortality in women 
compared to men. This discrepancy may be explained 
by the suboptimal accuracy of the MDRD formula 
in estimating GFR in patients with end stage liver 
disease despite its superiority to alternative formulas. 
Compared to the gold standard for evaluation of renal 
function with direct measurement of GFR with inulin 
clearance or iothalamate, only 67% of GFR estimates 
were within 30% of measured GFR amongst pre-
transplant patients[45]. A study by Lim et al[10] using 
125I-iothalamate for true GFR found that this was 
superior to creatinine in assessing mortality risk with 
a significant improvement of the discriminative ability 
when incorporated in the MELD score. Unfortunately, 
the prognostic impact was not evaluated between 
genders. Nonetheless, gender discrepancies in renal 
function and transplantation emphasized the inequities 
of the MELD score and stress the importance of 
examining alternative methods to evaluate renal 
function in patients with end stage liver disease.

DONOR-RECIPIENT SIZE MISMATCH
While data supports that renal function calculations 
and the use of creatinine in the MELD score contribute 
to decreased access to LT in women compared to 
men, other factors likely impact this disparity as well. 
An interesting study by Mindikoglu and colleagues 
investigated whether lower rates of LT in women vs 
men could be completely explained by MELD scores 
alone by comparing transplantation rates for each 
MELD score separately. They found that even within 
groups defined by MELD scores, women were generally 
transplanted at lower rates than men confirming that 
that suspicion that other factors play a role[11]. One 
of these factors is likely allograft size. Women are 
typically smaller than men in terms of total body mass 
as well as in liver size and overall height. It has been 
proposed that these differences lead to donor size 
mismatch and contribute to the gender disparity in 
LT[46]. 

Several published studies have looked at size 
differences and their contributions to this disparity. 
For example, Lai et al[13] used data from the OPTN 
to examine factors associated with differences in 
wait-list mortality between men and women in the 
MELD era and demonstrated that height, a surrogate 
marker for liver size, contributes to gender disparity. 
The investigators found that the majority of women 
were represented in the lowest quartile of the height 
distribution of wait-list candidates (< 165 cm). The 
mortality rates were 24% higher in this quartile and 
the rates of LT were significantly lower (P < 0.001). 
Again using OPTN data, Mindikoglu and colleagues 
found that size contributed to lower LT rates in 

women compared to men. Using median estimated 
liver volume and liver weights as surrogates for liver 
size, they found significantly lower volumes and 
weights in women  men. After controlling for region, 
blood type and MELD score in a regression model 
including liver volume and weight, they found that 
women were significantly less likely to undergo LT 
than men suggesting that donor liver size mismatch 
significantly impacts gender disparity[14]. While the 
association between donor-recipient size and wait-
list mortality remains poorly understood overall, a 
plausible explanation is that shorter and smaller 
women need smaller organs, which are preferentially 
offered to pediatric recipients. As a result, women may 
have to wait longer for a size appropriate allograft. 
This disparity in wait-list time may be reduced with 
the increased use of split-liver transplantation from 
deceased and living donors, but further research in this 
area is desperately needed.

GEOGRAPHIC DISPARITIES
Liver allograft distribution has historically been based 
on the geographic relationship between the hospital 
from which the organ is recovered and the transplant 
hospital in which the recipient is listed[47]. Unfortunately, 
this method of distribution has inadvertently created 
donor service areas (DSA) and regions with vastly 
discordant supply and demand ratios has contri
buted to significant geographic differences in access 
to liver transplantation[47]. Whether such geographic 
differences impact gender disparity in LT has therefore 
come under investigation. Mathur et al[7] evaluated 
this question using the OPTN regions with the largest 
sex-based disparities in transplant rates in the pre-
MELD and MELD eras. They reported 16%-22% lower 
LT rates in women in regions 1, 2 and 10 during the 
pre-MELD era. In the MELD era, geographic disparity 
broadened with women exhibiting significantly lower 
LT rates in 6 of the 11 OPTN regions, with a maximum 
deficit of 35% in the Pacific Northwest (Region 6). 

Despite a concerted effort by the United Network 
for Organ Sharing (UNOS) to change the liver allograft 
distribution policy, there has not been a significant 
reduction in the geographic variation in LT[47]. Broa
der sharing of organs has been proposed as a po
ssible solution. The Share 15 policy, which ranks 
regional candidates with MELD > 15 higher than 
local candidates with MELD < 15, began in 2005 in 
the hopes of narrowing the range of median MELD 
at transplant among DSAs.  As of yet, there are no 
studies investigating the effect of this policy in reducing 
gender-based geographic disparities. Nevertheless, 
as transplant needs and allograft supply differ widely 
amongst current regions, Gentry et al[48] proposed that 
broader sharing alone without redistricting may not be 
sufficient in reducing geographic disparities. But again, 
how redistricting affects women’s access to LT remains 
unknown. The OPTN/UNOS Liver and Intestinal Organ 
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Transplantation Committee continue to investigate 
a number of approaches to reduce geographic disp
arities. Studies will also be needed to assess how these 
models affect gender-based disparities.

LIVER TRANSPLANTATION: OUTCOMES
Many factors contribute to outcomes after LT. The 
impact of gender on survival after LT varies with 
other donor and recipient factors such as race, age, 
ethnicity, as well as indication for LT. It also may vary 
by survival time and type of liver transplantation 
procedure performed. For example, female gender has 
been associated with advanced fibrosis and graft loss 
after LT for chronic HCV and this was increased with 
older donor age[49]. Long-term, women are reported to 
have improved survival than men however. In a small 
20-year follow up study of LT recipients, women had 
improved survival over men[15]. One-year survival rates 
are similar between men and women with deceased 
donor liver transplantation, whereas they are increased 
compared to men in living donor liver transplantation[50]. 
The mechanisms behind these different survival rates 
by gender remain unclear. 

Fortunately, the rates of re-transplantation continue 
to decrease.  Women, however, continue to have 
slightly higher rates of re-transplantation compared to 
men as shown in one analysis of the 2009 Scientific 
Registry of Transplant Recipients[51]. The higher re-
transplantation rate in women is speculated to be 
associated with the number of female candidates 
whose primary liver transplant was for diseases known 
to recur such as primary biliary cirrhosis, autoimmune 
hepatitis and NASH post-LT. Mathur et al[52] also 
found that female liver transplant recipients had 24% 
greater adjusted odds of receiving a low-quality liver 
allograft compared to their male counterparts which 
may affect both survival and re-transplantation rates. 

The etiology of the difference in quality of allografts 
for women recipients is unclear but felt possibly to 
relate to selection of shorter and older donors more 
often for women than men. Despite the utilization 
of poorer quality allografts in women, outcomes 
remain comparable across gender but warrant 
further longitudinal analysis as the epidemiology of LT 
changes. 

CONCLUSION
LT is a life-saving procedure for many patients with end 
stage liver disease.  Given its substantial and sustained 
improved survival rates over the last three decades, 
ensuring equity in its use remains crucial. Recent 
research has shed light on gender disparity that now 
exists in the LT process. The factors contributing to 
this disparity are many and include not only important 
gender differences in the etiology of underlying liver 
disease and patient and physician referral patterns, 
lifestyle and health care, but also utilization of an 

imperfect organ allocation system based on the MELD 
score and donor-recipient liver size matching which 
create bias against women at several steps. These 
biases include the use of creatinine as an imperfect 
marker of renal function in women, the need for 
smaller, less available liver allografts for the majority 
of women awaiting LT and geographic barriers to their 
distribution. This review highlights areas that require 
continued research to better understand such gender 
differences so that the disparity can be addressed and 
resolved. These steps will be of ultimate importance 
as we strive to improve the lives of all patients with 
end stage liver disease both pre- and post-liver 
transplantation. 
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